Excessive neuronal synchronization is presumably involved in epileptiform synchronization. However, the respective roles played by interneurons (GABAergic) and principal (glutamatergic) cells during interictal and ictal discharges remain unclear. Here, we employed tetrode wire recordings to establish the involvement of these two cell types in 4-aminopyridine-induced interictal-and low-voltage fast (LVF) onset ictal-like discharges in the rat entorhinal cortex in an in vitro slice preparation. We recorded a total of 90 single units (69 putative interneurons, 17 putative principal and 4 unclassified cells) from 36 slices, and found that: (i) interneurons (66.7%) were more likely to fire during interictal discharges than principal cells (35.3%); (ii) interneuron activity increased shortly before LVF ictal onset, whereas principal cell activity did not change; (iii) interneurons and principal cells fired at high rates throughout the tonic phase of the ictal discharge; however, (iv) only interneurons showed phase-locked relationship with LVF activity at 5-15 Hz during the tonic phase. Finally, the association of interneuron firing with interictal discharges was maintained during blockade of ionotropic glutamatergic transmission. Our findings demonstrate the prominent involvement of interneurons in interictal discharge generation and in the transition to LVF ictal activity in this in vitro model of epileptiform synchronization.
Introduction
For over a century, excessive glutamatergic synchronization and decreased inhibition in neuronal networks have been postulated to represent the hallmark of epileptic disorders (Ayala et al., 1973; Jackson, 1870; Penfield and Jasper, 1954) . However, growing experimental evidence suggests that inhibitory GABA A receptor signaling is often preserved and may in fact contribute to the generation of seizures (Avoli and de Curtis, 2011; Engel, 1996) . In line with this hypothesis, increased interneuron activity has been shown to occur in patients implanted with depth electrodes (Truccolo et al., 2011) and in animal models of temporal lobe epilepsy (Grasse et al., 2013; Toyoda et al., 2015) before and/or at seizure onset.
Evidence obtained from in vitro models of epileptiform synchronization indicate that the onset of ictal discharges induced by the K + channel blocker 4-aminopyridine (4AP) is preceded by increased interneuron firing, which should lead to GABA A receptor activation and thus inhibition of principal cell excitability (Uva et al., 2015; Ziburkus et al., 2006) . GABA A receptor mediated Cl − influx also produces a positive feedback that contributes to the initiation of 4AP-induced ictal discharges (Lillis et al., 2012) . Finally, optogenetic stimulation of interneurons after 4AP induces ictal discharges that are similar to those occurring spontaneously (Shiri et al., 2014; Yekhlef et al., 2015) . These studies are highlighting a crucial, unexpected role of GABA A receptor-mediated signaling in the generation of interictal and ictal discharges, but the contribution of interneurons and principal cells remains to be established, and even more so in the in vitro 4AP model of epileptiform synchronization. To this end, we used tetrode wires to record single units in the entorhinal cortex (EC) of rat brain slices maintained in vitro during 4AP application. Our findings highlight the pivotal role of interneurons in the initiation of 4AP-induced interictal and low voltage fast (LVF) onset ictal events, and they suggest that similar mechanisms may underlie the generation of interictal discharges and seizures in animal models in vivo and, perhaps, in epileptic patients.
Material and methods

Slice preparation and maintenance
All procedures were performed in accordance with and approved by the Canadian Council of Animal Care and the McGill Animal Care Committee. All efforts were made to minimize the suffering and number of animals used. Adult male Sprague-Dawley rats (250-275 g; Charles River Laboratories, Saint Constant, Qc, Canada, n = 15) were decapitated under isoflurane anesthesia (Baxter Corporation, Mississauga, ON, Canada). The brain was quickly removed and placed in ice cold, Neurobiology of Disease 87 (2016) [91] [92] [93] [94] [95] [96] [97] [98] [99] [100] [101] 
